In the present study 5 grey seals (Halichoerus grypus), 3 common seals (Phoca vitulina) and 1 ringed seal (Pusa hispida) bycaught or stranded on the Polish Baltic Sea coast in years 2000-2006 were investigated for the infestation of parasitic anisakid nematodes. 749 of anisakids were found. The most common were: Contracaecum osculatum (59.3%) and Pseudoterranova decipiens (31.0%). There were also small numbers of Anisakis simplex (0.8%). After performing RFLP three sibling species were found. C. osculatum was identified as C. osculatum C, P decipiens was identified as P. decipiens sensu stricto and A. simplex -A. simplex sensu stricto. Nematodes found in seals were mostly in L4 and adult life stage -both of them were equal with some minor variations among the specimens. Sex ratio was also equal, but there was slight excess of males in some cases. There was a minority of L3 larvae belonging to A. simplex species (0.8%).
Introduction
Parasitic nematodes belonging to family Anisakidae are important group of organisms that are capable of infecting marine animals. Over several decades, many studies about them were performed. There were also many studies covering the problems of their hosts including Pinnipedia and seals (Phocidae).
In Baltic Sea there are three seal species: grey seal (Halichoerus grypus (Fabricius, 1791)), ringed seal (Pusa hispida (Schreber, 1775)) and common seal (Phoca vitulina (Linnaeus, 1758) ). The grey seals are found mainly in the central and northern part of the Baltic region (Harding et al. 2007) . Ringed seals live mainly in the eastern parts of Baltic Sea -the Gulf of Riga and Gulf of Finland. Common seals can be found in the very western parts of the Baltic Sea. In the hosts mentioned above there were found three Anisakidae parasites: Pseudoterranova decipiens (Krabbe, 1878), Contracaecum osculatum (Rudolphi, 1802) and Anisakis simplex (Rudolphi, 1802) .
The life cycle of those nematodes still remains not fully discovered. There are some important differences between the parasites that should be pointed. It is known that P. decipiens hatches in benthic and epibenthic habitats and is already in L3 larval stage , McClelland 2002 . A larva adheres to the substrate of seabed by its caudal end Palm 2011, McClelland 2002) and then it is ingested by tiny benthic crustaceans and penetrates into the host's body cavity. Secondarily, after infesting the crustacean, larva gains an ability to infect polychaets, molluscs (Martell and McClelland 1995, McClelland 2002) or fishes belonging to families: Gadidae, Pleuronectidae, Zoarcide, Clupeidae, Salmonidae and Cottidae (Grabda-Kazubska and Okulewicz 2005) that act as the paratenic hosts. The main vectors of this parasite in the southern Baltic Sea area may be cod (Gadus morhua) (Myjak et al. 1994 , Sobecka et al. 2011 and -less likely -herring (Clupea harengus) (Szostakowska et al. 2005) . Subsequently a specimen gains an ability of infesting Phocidae host where L3 larva moults into L4 stage and then -adult stage (McClelland, 2002 ).
An early stage development of C. osculatum is associated with pelagic environment. L3 free-swimming larva hatches from the egg and becomes ingested by an intermediate host like an amphipod or copepod. In contrast to two other nematode species mentioned in this article, a specimen after hatching may infect small fishes Fagerholm 1995, Rokicki 2006) . Although the larvae of C. osculatum were rarely collected from herrings and cods in southern Baltic Sea, these fish species may be a major source of seals' infestations with this parasitic helminth (Myjak et al. 1994; Szostakowska et al. 2005) . The seals are known to be definitive hosts where L3 larva moults into L4 stage and then becomes mature (Grabda-Kazubska and Okulewicz 2005) .
A. simplex emerges from an egg as a vagile L3 larva . After being ingested by pelagic crustaceansmainly krill (Euphasiacea) -in their haemocoel they develop L3 stage that is infective to paratenic hosts -fishes (herrings, mackerels) and cephalopods (Guz et al. 2005, Grabda-Kazubska and Okulewicz, 2005) . On the contrary, Anderson (2000) suggests that L3 larva grows in the paratenic host. In the southern Baltic Sea it was proven that herring migrating from Danish Straits for spawning may be heavily infected with A. simplex larvae (Rokicki et al. 2009 , Sobecka et al. 2011 ). This fish species seems to be main carrier of A. simplex that infects marine mammals. Final hosts of A. simplex are cetaceans (Klimpel et al. 2004 , Rokicki 2006 . The seals are only accidental hosts for A. simplex and maturation of worms does not take place.
Due to advances in molecular diagnostics it became possible to determine what sibling species are the anisakids of Baltic Sea and the neighbouring regions. In eastern Atlantic Ocean a presence of P. decipiens s.s. and P. krabbei among grey seals and common seals was confirmed (Aspholm et al. 1995 . It has also been discovered that C. osculatum C is a parasite of grey seal living in Baltic Sea . A. simplex s.l. found in seals belongs in fact to sibling species A. simplex s.s. .
This research was performed in order to complete the data about the anisakid parasites infecting seals of Baltic Sea. There had been made an approach to determine species of nematodes mentioned above (complexes and sibling species), their life stages and genders among the seals found on the southern coast of Baltic Sea.
Materials and Methods
The nematodes' specimens that were identified had been collected from 9 seals bycaught (Hg39, Hg66, Pv80) or stranded (Hg71, HgI, HgS, Pv73, Pv88, Ph55) in the Polish Baltic coastal zone between years 2000 and 2006. There were: 5 grey seals (4 adults and 1 juvenile HgS), 3 common seals (all adults) and 1 ringed seal (adult). They were trans- ported to the Hel Marine Station where after freezing to -21°C carcasses were necropsied in order to perform several analyses. The contents of digestive tract were examined in case of any parasites' occurrence. There were anisakid nematodes found. They were rapidly conserved in 70% ethanol and transported to Invertebrate Zoology Department belonging to University of Gdansk in order to undertake further analysis.
Preliminary processing of the specimens was made in order to separate anterior and posterior parts -that were about to undergo morphological identifications -and central parts -that were left in 70% ethanol for additional molecular diagnostics. Anterior and posterior fragments had been left in separate Eppendorf containers with 5% alcohol-glycerine solution until the evaporation of alcohol and clarification process has ended. In some cases lac- (Berland 2005) .
First phase of research was performed in order to identify complex species. It was done observing (via microscope) some major morphological distinctions like: ventricular and intestinal appendices and/or posterior parts' shape (GrabdaKazubska and Okulewicz 2005). Life stage was determined due to observation of mucron, larval tooth, spicule or uterus filled with ovas. A development of lips surrounding the mouth cavity was also an essential diagnostic feature (Grabda-Kazubska and Okulewicz 2005, Weerasooriya et al. 1986) .
The second phase of research was connected with usage of Restriction Fragments Length Polymorphism technique (RFLP). Central parts of the specimens were processed due to DNA isolation. Subsequently some specific rDNA fragments (ITS-1, ITS-2) were amplified using a PCR technique. NC2 and NC5 primers were used (Zhu et al. 2002) . The next step was a digestion of PCR products using restriction enzymes: RsaI, HhaI, HinfI and TaqI. Results of RFLP were shown during a high resolution electrophoresis on 4% agarose gel with ethidium bromide added. An image was then compared with templates (D'Amelio et al. 2000, Kijewska et al. 2002; La Rosa et al. 2006 ) .
Results
A general outcome of the research was that seals were infected with Contracaecum osculatum C, Pseudoterranova decipiens s.s. and Anisakis simplex s.s.
749 of nematodes were collected (see Table I ). All of them were examined excepting those collected from Hg71 grey seal. This specimen was infested with 590 anisakids. Only 295 of them were examined and the final result was obtained by extrapolation (multiplying species' counts by 2).
In grey and common seals there were found: C. osculatum, P. decipiens and A. simplex. In a ringed seal there were found: C. osculatum and P. decipiens. All grey seals were massively infected with C. osculatum. The heaviest infection of C. osculatum reached 364 with prevalence 61.7% in Hg71. Total number of nematodes found in digestive tracts of the other grey Table  I ). The most infected common seal was specimen Pv80. This host was infected mainly with P. decipiens. Proportion of infestation (P. decipiens : C. osculatum) is like 2:1. Sibling species P. decipiens s.s. (14 identified specimens) and A. simplex s.s. (2 specimens) were identified using RFLP. In the other seals only single nematodes were found. A problem with identification has occurred during examination of Pv73 anisakids. RFLP results were not specific. The restriction enzymes digestion products were as follows: RsaI -~600, ~530 bp, TaqI -~450, ~380, ~170 bp, HhaI -the matrix remained undigested.
The only examined ringed seal was infected with 8 nematodes: 5 of them were members of complex C. osculatum and 3 of them were P. decipiens. There was no case of positive DNA isolation so there was no possibility to determine sibling species.
Development stages and gender proportions
The L3 larvae were very rare in the whole material. There was a majority of L4 and adult specimens, generally in equal proportions. Variations could be observed mainly among low infected hosts. The most common observation is an unequal distribution of genders -particularly significant among Hg71 specimens -with females to males proportion being about 1 : 2. Detailed informations can be found in Table II  and Table III. L4 and adult stages proportions are like 1:1 for C. osculatum found in digestive tract of both common seals and ringed seal. There is only a slight variation among the grey seals -the proportion is 3 : 2. It has been found that there is a minor excess of males belonging to C. osculatum collected from grey seals. Examination of common seals showed that there is a domination of C. osculatum males. Similar tendency has been proven to ringed seal -there was a majority of males.
Two thirds of P. decipiens specimens collected from grey seals were adult. It has also been noticed that there were very few specimens in L3 stage found in common seals, but there is still domination of adult nematodes. Gender proportions are not like 1:1 in any studied case. Males are more numerous than females. This tendency is significant especially for grey seals -only 30% of P. decipiens are females.
A. simplex found in the grey seals remained in L3 stageso did the specimens collected from common seals. There were two L4 larvae found in grey seal. Only single L4 specimen was found in common seal. There was no occurrence of adult A. simplex worms.
Discussion
Recent studies showed a high infection rate of C. osculatum among the grey seals of Baltic Sea (Liskins 2002 , Valtonen et al. 1988 . The same observation has been made during this research. Occurrence of P. decipiens among the grey seals of North Sea (Aspholm et al. 1995 , Lehnert et al. 2007 ) makes a possibility of finding the parasite in Baltic Sea that could migrate with the paratenic hosts. The seals living in Baltic Sea feed mainly on herrings (Lundström et al. 2010) which are vectors for A. simplex (Guz et al. 2005 , Sinisalo 2007 ). It might be a main reason of seals' minor infestation with this parasitic species.
Results of infection and gender proportions examinations were similar to Sinisalo (2007) and Liskins (2002) which noticed that the adult specimens of C. osculatum and P. decipiens are present in the material collected from grey seals living in Baltic Sea. L4 and adult stages proportions of grey seals from Iceland were like 2:1 for both parasites mentioned above (Ólafsdóttir and Hauksson 1997) . It has also been noticed that the males were more numerous than the females.
Infestation proportions for common seal differ from the data gathered during examination of grey seals. In common seals there was a majority of P. decipiens. This anisakid species had been found several times in common seals of eastern Atlantic (McClelland 2002) including Oslofjord (Aspholm et al. 1995) and Wadden Sea (Lehnert et al. 2007 ), L4 and adult C. osculatum and P. decipiens numbers were equal. During the research made in Oslofjord (Aspholm et al. 1995) it has been proven that L3, L4 and adult worms can be found in common seals. The adults were the most numerous. It has also been noticed that in north-eastern Atlantic Ocean there is only an occurrence of adult P. decipiens specimens .
There were only 8 Anisakidae specimens collected from the single ringed seal. Both C. osculatum and P. decipiens have been found. There was no occurrence of A. simplex. It is difficult to compare such modest data to any results already published. It is known that C. osculatum may be found among ringed seals from Bothnian Bay (Sinisalo 2007 , Valtonen et al. 1988 .
No A. simplex specimens were found in adult stage. This observation is expected due to host specificity of this parasitic species -it does maturate only in cetacean hosts (Klimpel et al. 2004 , Rokicki 2006 .
Molecular diagnostics have proven that P. decipiens from seals found in southern Baltic Sea belong to P. decipiens s.s. sibling species. The same sibling species may be found in common seals from eastern Atlantic Ocean . There were also made some positive identifications of C. osculatum. It has been proven that the specimens belong to C. osculatum C sibling species. It is an expected result. Data collected from fish during previous studies in Baltic Sea confirm this observation , Mattiucci and Nascettii 2007 , Zhu et al. 2002 . There were also some positive identifications of A. simplex -it has been defined as A. simplex s.s. It is also an expected result (D'Amelio 2000, Mattiucci and Nascettii 2007) . There were no any differences between results already published and those gathered during this research. However, it can't be left unnoticed, that few specimens were identified in a molecular way, so their significance is quite low.
In the past time there were not many studies on anisakids in seals occurring in southern Baltic. Despite the low numbers of examined hosts, during this preliminary study significant and new data have been collected. It is important to further investigate seals' infestations levels in southern Baltic Sea. Data collected during such researches may be crucial for understanding anisakids' life cycles and hosts relationships in this area.
